P. 82 




ELSEVFER 



EXHIBIT II 



Gene 238(2000)85-93 



Cloning of a human tRNA isopenteftyl transferase 

Anna Golovko, Gftran Hjalm\ Folk© Sitbon, Bjoni Nicander ' 

/Ufpttrmtrnt^'Phfir Biolngy. $I,U, 9>0 Box TOtm. SR-75QQ7 UfipaoU Swvi/im 

Rcccimu Id May 2000: received in retard tomi 4 .^piember 2000; flcctfpu?d 2£ Scpicmbor inoo 

fUcdvctl hy D. Lilley 



Abslmct 



A cDNA of huiunn orifiirt h *Ilown io vncodc a iRNA isopeotcnyt Lraiutfljffajic (F.C. 2.3,1,8), ExprcAsEon of tbc iwne n 
.Srtcv/Wfinn.im ivrrvmr multinl luckinp ihc endogenous iRNA Uopentenyl transfcranc MOD5 n?«olicd in r\inc(lonal wimnlcfronla- 
uon ;inO njimroduclion of isnpcntcnyladcnosinc inio tRNA. The deduced Rmino eicW sequence conialns a numhurof iMnlunit 
con^rvcd in knawn iRN A Isopcnlenyl irunsrcrascs. The siroilwrily to the S. ccrcvisme MOD5 protein is 5,1%. und u» (he Fjvhiricfifu 
rrt/i MinA pniicin 47». Ilw human sequence wets found to coniatn a sinfilc C2H2 71n-rinB«Hilcc motif, which wds duiAici! ulxo 

in i^lJ^i^^^ iransfbrascK loeaiwl by BLAST scnahes, nol in prukaryoUe homulofluc». 

•0 2000 GlicviLT Science B.V. All righu rwcrvcdv / iv u inuivttwc*. 

AV,i' Wv; C"omplcmtiwiiti*m; rylokiiilnj l^ispotucnyMtfneMno; Supproner IRNA; lANA mediflcalion 
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1. Infrodiiciton 

. ^ 

The cymkintns conytiiuto n group or modiflcd (tdc- 
ninoa with two imporlnnt and apparently unrelnted 
funeiiuiis in nnlurc. They »a' found a.s modified nucleo- 
sides in ilic tRNA of pUints, animals and cubacleria bui 
nnt in Archueu (PL>rj;5:Qn et nl., 1994). In planU ihey 
niso aci in tRNA-frcc form as hormones to reguhite cell 
division, shoot morphogcnesii^ chloroplasl maturation 
and fiMmy other dcvclopmcnial processes (Mok, 1994), 
Even though iiiopenicnyhidenosinc (i*A), the only cyto- 
kinin of animql iRNA, has been found In tRNA^rrec 
form in cell cultures (Aihu'r and Drcnnan, 1986), no 
physinUiglciil role in animals ha« been demonslrjiled. 
However, the addition of cylokinins wa« shown to afTfect 
cell ciiliurc growth rate (Gallo ct al„ I9fi9j and DNA 
jymhcst:* (Qucsncyllunccus el ah. 1980) iu animals. 

Cytokinins In iRNA are siluuicd at position 37, next 
Io the anticodoit, of certain iRNAii that bind lo codons 
starting with a U. The nnyor form in Exiherkhia coli\ 
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2-nicihylih{oldicd l«A. plays an importani role in ir anslu- 
lional cffictency and fidelity (Persson ct bV., 1994}. 

The first step in the biosynthesis of tRNA eytokinirts 
is the tttuisfer ofttn tsopentcnyl group rrora dimcihylallyl 
pyrophosphate to A 37 of the preformed iRNA, Ttit 
reaction is catalyzed by IRNA isopenlciiyt tRinsferasc 
(E.C 15.1,8), termed IPT in lhi$ study. This enzyme 
has been purified from £ ro/i (Roscnbaum and Gcfter, 
1972; Leung et al., 1997; Moore and PouUer. 1997). 
Z<?a «w;».T (Holta and Klumbl, I97g) and Smvhurwmei 
t^mvhhn* (Kline ct 1969). IPT epneit have been 
cloned from several microorganisms, including mioA 
from L toll (Caillct and Droosmans, 1989; Connolly 
and Winkler, I9S9) and /t^bartcriimi timio/acfvM 
(Oroy ct al., 1992). and MODS from S, ctrvvMac 
(Dihanich ot al.. 19S7). An additional number ofpuin* 
tlve IPT genes from variou9 organisms can be found by 
BLAST searehes.on various gene dutabascs. A compari- 
son of the sequences of identified and putntive tRfVA 
isopcntcnyl transfcnisc genes suggcKta that they conssti- 
tutc a fitmily of genes highly conserved in evolution 
(Tolorico ot b|., 1999). Several sequences ttomologoua 
lo IPT were fouhd by BLAST §eaw:hc« in the human 
dbEST database: We report here the idcntfllcaiion of 
one of these as coding for «n enzyme with IPT activity. 
The first member of this gene rnmlly tdcniineu iram a 
muiiiccllular origanism. 
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2. Miller inis and incthodj< 

2,/. SltvH'fffrtt/narhsfomuHiOft 

The A. t'vrvvisiac slrainS usod wesrc MT-8 {KfATa 
. SUP7 uraJ^I HxS-2 huJ^JJU tititfS^J irpi lyshi lyxl^l 
vml'lUO fntHfS:, rRPl) (CHlman cl al., 1991) and H57 
{AfATz AfOD5 SUP? vanf-JOO mU*2'i his3-2 iyshi uraS- 
! ) Cgift From A, f loppLM-). Ycasi strains were maintnincd 
on YPD nicdium (SiKrman, 1991), Tlic cells harboring 
the pf-L6l pl;i!»mids were grown in synthcUc complete 
medium (SC) (ShcrniAiv 1991 ) lacking uracil (SC-ura). 
I or marker selection, the media used was SC lacking 
the iippropriiuc nutricni, or supplemented with 60 Mg/iTsI 
caniivaning (Sigma), Yeast cells were transformed using 
the LiOAC method ;is described (Giotz and Schicstl, 
1997), Rcconibinitnl DNA was propagated in the £. 
vali AiTixln Of I5a using jtlandtird techniques (Sumbrook 
Cl aL. i9K«3). 

2.2. Ph/smi(ftonstn(virmhx 

EST clones invesiitfutcd for bomolo|fy to yoaet IPT 
had acccwion numbers AA3S6092, F07677. AA322I52. 
AA30%r.O, AA2(M763 and lin8AZ89. The lost clone 
wiist iibiaincd fn^m the TFGR/ATCC special collection 
of humiin cDNA clones CAdam^ et al, 1995), and used 
in the following. An unspliccd intron in this cDNA was 
removed us follows, Total RNA was cxinicicd from 
humnn kidney using the TRIzoI rcagcm (Life 
Technologies Inc.), following the manufucturcfs instruc* 
tions. Oligo-d(T)-primcd first-sirand eDNA synthesis 
was performed on 3 ^iS iot«l kidney RNA in a 20^1 
rc;icilon wiih 200 U of Superscript II RT (Ufa 
Technologies Inc.) us dcs^cribcd by the manufacturer. 
PCR wax performed on aliquots of this reaction 
with the sense primer (S''CAACTGCTCTGATTG- 
AAGAT-Vv position 329-349 of the cDNA), and the 
iintisense primer (5'-TCCGCATAGCACTCCTTTG-3'. 
position 1613 1595} in 40 f.tl reactions contolning 
0-5 mM or each primer, SO dNTP, 1.3 mM MgCIz 
IxII AmpIIT^ftf Gold buffer, and 0.15 U AmphT«f/ 
Gold (PP ninsystcms, Foster City* CA. USA). PCR 
cycling parameters were: hcai«aciivation of the enzyme 
(It 9S"C for 12 miu: 42 cycles of 94X for 15fi, 52X for 
10 and 72"C for 90 This protocol yielded a single 
1.2 kb PCR product, which was cloned und sequenced. 

Clone Ml'fiAZ8y was digested with £'toI30I and 
MitnJlMlU I crmcntus, Vilnius, Lithuania), resulting in 
cleaviigc lU posliioni 652 and 942 respectively. The 
excised friigmeni was rcphiccti by a fragment generated 
in a corresponding manner from the 1,2 kb PCR pro- 
duct. The integrity of the reconstructed cDNA sequence 
in HF.RAZSO was confirmed by DNA sequencing. 

T!ib ^c^IucllL-c wf Hit: iiuiiiait iRNa Isopcntenyt trans- 
ferase \M\^ Clcnlinnk accession number AF0749I8, 



The entire predicted open reading frame (ORF) of 
the cDNA from the reconstructed riESAZ89 was PCR- 
amplified using primers hMODS.s (5^^TAGAA GCGG > 
£CeCGAATTC0GCACGAGCTCCCATAA-3') and 
hMODS.as (5'.CATAAAfi£fifiCCfi£OAATTCCG. 
ACAACTAGTTTOGTTCA-3 : Noi] aIiqh underlined). 
The resulting PCR product was digested with A^orl'and 
Hgated Into the Sol] site of pFL61 {Minct ci al,. 1992), 
creating plasmid pFL61 hM0D5 such thai expression 
of the ORF was under the control of the A", i^rcvisiuff 
PQK promoter, 

DNA sequencing was performed using the 
dRhodaminc terminator chemistry kit Btosystcms). 
Sequence analysis was performed using the Mac Vector 
(Oxford Molecular, Oxford, UK), Fuctura. Auto- 
Assemblcr, and EdilVicw (Pcrkin Elmer) aoflwarc pack- 
ages. The multiple sequence alignment was established 
with the ClustalW algorithm (Thompson ct al., 1994) 
using MaeVcctot'. EST clones investigated for homology 
to yeast MODS had accession numbers AA356092, 
F07677, AA332I52, AA3096()0, and AA204763. 

2,3, 5* ntpid amplifivaiion ttf vDNA vmh (S' RACE) 

RACE was conducted using a 5' RACE kit (Life 
Technologies Inc.) k.(i described in the suppller*i proto- 
col. Briefly, total RNA was CAtradcd from the human 
monoblast cell line U97 and first-strund cDNA synthesis 
was performed on the pofyfA)+ fraction using 
th e hu m^n IPT cDNA antiscnsc primer RACE I 
5'-TTTCTGGGTCCACCTCGCTTAG-3' (position 
527-506, Fig. I) and 200 U Superscript (1 reverse l/un- 
seriplasc. A mixture of RNasc H and RN»se Tl was 
added to remove the mRNA tilnind. The 3'-cnd of the 
cDNA was tailed with dCTP using terminal dcoxy- 
nucleotidyl transferase. A dm round of PCR wa^ per- 
formed on the tailed cDNA template using the anchor 
primer provided by ihc kit and ihc antiscnac primer 
RACE2 5'-TCCAGAGCAGAGATTCAATG-3' (posi. 
tion 404-385, Fig. 1 ). A second round of PCR was 
perrormcd on a 1:100 dilution of the amplification 
products using a second unchor primer fh)m the kit 
(overiapping the first one; S-GGCCACGCGTCG- 
ACTAGTAC-3') and untisensc primer RACE2. The 
resulting 439 bp PCR product was cloned and 
sequenced. 

Yeast cells were grown ot SO'C to mid-log phase in 
liquid SC medium or SC — ura medium for pluitmid 
mointcnancc. Cells were collected by cenlrifugiitton. 

frozen in liquid niirogcjh and stored at -80'C imiil 
extraction. The cell pollcti; (1.5 to 2 g) were stisrcnded 
in 30 ml ice^oLd bulTor eonittining U. 15 M NuCl. SO mW 
"NaAc, 10 mM MgAc and 6% SDS, pIUJ, and .loni- 
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calcd In ihc presence of 1 g of 0,2 mm glass beads. The 
cxtracu were Khiikcn wtth an cqunl volume of phenol, 
and iRNA in the aqueous phases was purified from by 
Lid precipiiiuion and DEAR-ccIIuIosc chromaiogra. 
phy (Jluck tn nl., 1983). 

2 J. Anat\\iis ofhtijwnftriiyhdemwne 

iRNa was digested wiih nuclease PI (Roche 
Molecular UiochemicnLs) followed by bacterial alkaline 
phosphsUasc (Siginu) as described (Ochrkc « al., 1982), 
cxccpi (lut <hc nuclease PI incubation time wns extended 
to 14 h. 

High porformiincc liquid chromatography (HPLC) 
scparaiionH were performed using a system from Gilson 
(Middleion. WI. USA) on ii 250x4 mm C8 RP^sclcct 
D column (Merck, Darmsladl. Germany). A gradient 
from n,25 M ammonium acmie (pM 6.0) to h mixiure 
of 40% ncctonilrilc (Rnthburn, Walkcrburn. Scotland, 
UK) in wiuer was used (Buck cl al., 1983). The flow 
rate was LS ml/min. The effluent was monitored by 
scanning hciwccn 250 and 300 nm using a UV 3000 
detector (TSP, Riviera Bcaeht FL^ USA) and >„« was 
determined by use of the PCIOOO software from TSP. 

To remove salts* peak muteriul was evaporated and 
if^ccicd info A 1^5 mm column of the same type as 
;ibovc, and elutcd with a I2min linear gradient from 
wutcr to 40% acctoniu-itc. Malerinl from the HPLC 
peak w;is evaporated, an aliquot removed, mixed with 
lOpmo! of 5ir-i'*A and analyzed in a Q-TOF tandem 
mnss spcciromcler (Micromass, Munchesior. UK), In 
scanning n^odo, the amount of i'^A was estimated from 
ihc rjti«* bciwcen the molecular masses (336.2 and 
34 L2). The fir^i analy/cr was then locked on the Mw 
(±2 Da), and in (urn these molecules were fragmented 
in a collision chamber and the ions subsequently ana- 
lyxud in the second mass analyzer. 



X ResuUs and diitcu^fsfon 

/ . Chfftnff fmifxvtiuviidnic *>f^he human Afpps^likc 
t'DNA 

The amino acid sequence of the iRNA isopcnicnyl 
transferase (fPT) MODS of S. cerevLxiac was used to 
search i]w dbEST divLsion in GenBank. Five ESTs of 
h\mnin origin with high similarity scores were found, 
originairng from Jurkut T-cells. brain, embryo, Jurkat 
T-cclIs. and hNT neurons. Their nucleotide sequences 
strongly suggested that they were derived from the same 
Ijcnc, and (he longosl cDNA was chosen for further 
unalysiH. This cDNA clone. HE8AZ89, was obtained 
from the T(GR/ATCC special collection of humrtn 

ON^ i^iqucAc\t\g ihowcd xhc cDNA lo be 2212 bflsc 



pairs in length, containing two long ORFs separated by 
a short stretch with three in-frame stop eodona. To 
examine if this stretch corrcsp nded to an unspliewd 
intron, PCR waspcrf rmcd using oligonuclcolidcsi posi- 
tioncd upstream and downstream of this area n human 
kidney cDNA. DNa sequencing of the product yielded 
a single continuous ORF, locking 87 bp al the poaition 
of the putative intron, confirming thu presence of an 
unspliccd intron in clone Hn8AZ89. The clone was then 
reconstructed using appropriate rcsiriciion enxynics to 
excise a 290 bp stretch with the entire inlron, and 
replacing ihis with a fragmcm excised in u corrttspnnding 
way from the human kidney PCR product (sec Section 2 
and Fig. I ). 

TItc cDNA wiis used to probe human monoblast cell 
mRNA, showing the presence of n single trvinscript 
approximately 12 kb in size (not shown). TIic S'-cnd of 
the mRNA was mapped using S'-RACE, This analysis 
indicated that the authentic transcript was four bases 
longer than the cDNA. Pig. 1 shows the 2129 nt long 
corrected wDNA» The predicted ORF consists of 1404 bp 
and encodes a protein of 467 amino ueid.s with a 
calculated molecular weight of 52721 Da. 

/.2. Tha human MODS-likt cDNA tomptvmmm a yvost 
mulant that letck^ MO 05 

f 

In the yeast strain MT-S the MODS gene is completely 
inflcijvaicd by a TRFI insertion (Cillman ct 1991). 
This prevents the i*A modification of cytoplasmic and 
mitochondria] tRNAs, including tiic nucicar^ncoded 
suppressor tRNA SVP7 (Gillman ct al. 1991 }. The lack 
of the i®A modification renders SUP7 unable to suppress 
certain nonsense mutations, such as those in the (ulel- 
J, canl'JOO and />jf^-/ alleles (Zoludck ct al, 1995). 
Cells failing to suppress the <t<fc2-i mutniion cannot 
grow on media laeking adenine and accumulate n red 
pigment whan grown on ricli mcdiu. The celb unable to 
Suppress the can! -1 00 mutation lack argininc permeatfc 
and arc able to grow in the prestencc of ciinavanJne. a 
toxic analog of airgininc. 

To determine whether the human cDNA could com- 
plement the ioss-df^supprcssion phcnoiypc of MT-8» the 
cDNA-bcarine construct pFL^hMODJ was introduecd. 
Table J shows the growth patterns on selective media. 
Adenine and lysine independence were restored, but 
only a slight growth inhibition on canavunine was seen. 
Cells transformed with the plasmid without insert were 
indistinguishable from untninsformcd cells with respect 
to <y<A'J-/, canJ'JOO, and lysl^l /lys2'l suppression 
(Tabid). 

To determine ir these growth paftcms correlated with 
the synthesis of i*^A, total tRNA was extracted and 
cnzymatieally degraded. Fig, 2 shows HPLC scpurations 
of the rcBuliIng nucleosides. MT-S, lucking n funcliomil 
MODS gene, gave no peak eluting at the position of 
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CTCAccccccTOCXAeooAccc-tACCKiTaTAa^ 



AAATCCAMC«acOTTOCA0CTAOQCCAaCQWTC0aCQataA^ 
KSTLALQLGQAXiOSSrvSAO 

TCCATWAOOWAMAACCSCCTAaACATCATCACCW^ 

ACMTCZ^CaOeAeCACATOATCAGnvrTOTQCATCCTCTTaTaJ^CJW^TTACACAaTO 
RXCRHHHIGpvDPLVTNVfV 

OTOOACTTCACAAATA0A0CA*CT9CTCTX;ATTGAAQATATArrrCCCCGACACAAAATT 
VDFRWftATAlIEDtFARDlCt 

CCTATTGTTOTOGCAOdAACCAATTATTAcSTOAMWW 
PXVVOOTNYVXftBLI.«KvLV 

AATACCAACCCCCAetMOATUOaCACTGAGAAACn'SATTQACCCftAAAGlCGAGcTTC^ 
WT^rOEItOTBRVSDRKVELC 



XAaaAdaATOCTCTTGTACTTCACAAACaCCTAACCCACGTOaACCCAOAAA'PCCCTCCC 
XeoOLVLKKRLSQVDPBMAA 

AAQCTOQATCCACXTaACAAACGClAAOTOOCCWQAGCTrCCAAQTTTttOAAO^^ 
kLNPHDKH KVARgtQVrsVT 

OOAATCTCTCATAaTOAArrTCTCCATCOTCAACATACCCaJUSAAaGTtXTCCTC^COT 

c^^cTccTCTOAKaTtererAAeccTT^cATocrTTOQCTrcATOCTOAcCAWCAOTT 

OOPLKPHKPClLUlMAftOAV 

CT AOATOAacaCTTCCATAAQAGO GTOoatqac ATgCTTGCfCCTCGCCTCTTQCAOOAA 
LDBRLPKRVODHLAA«tfcBa 

,CTAAaAaAtTTtCACAOAeaCTATAATCAGAASAATomcoOAAAATA«l&CACI«ACTAT 
LADPHftftTl4OXNV0« RffqD y 

CAACATaQTATCMCAATCAATrCOCTOCAA03AATrreA«*eTAe«CAT«ACTttAO 
OKOZFOdKOVKBPHeVl^XTE 

MAXAAroeACACTOmCACTACrrAACCAaeTTCTAAAMUJOOTArrOACOeTCTOAAA 
GKCTLITSM^LLKKOtBALK 

CXA0fAAC^AA«AaATATCCCCG:»AACAAAACC0ATaaqTTAAAAACCCTTT1TtGA6C 
0VTKSy*RK0NAHV|e i7RPL S 

AaACCtOdTCCCATTClTCCCCCTCt^AtOOCTfAeXCCrATCTOATOTCTCQAAOTaa 
BPQ PZ VppVvOfcSVBSVaAW 

aA»«Wnt?roTTCTl«AACeT£X!TCW»AATCSTCCAAAm 

B S VLBPALBtV C « P T 0 a H K 

CCTACASCCACTCeAATAAAMTOeCATACAAIGAACCraAaAACAAaAQAAOTrATCAC 
PTATPIKWPyKBAHHiCftaYH 



CTyrOTQAC C TCTgroATCmATCATCATttTrflek'tfl^^ 
fceOtCDBlIIflpRBWAAHIK 

SKSHLMQan KARHtDSDAVN 

ACCATAaAAMITeAaAffygTTTOgCCAgACCATAACAAfcCAACCTAAAqAQAI^OQAm 
TXBSqSVSPOKHXEPlCBKCS 

CCAGGOCAOAArftATCAACAGCreAAATnCAaCQtOTAAGACACATaTCeAfltcecCTTT 
PCQMDQRtKCev* 

OCAAAGCrrGOTaGOOATCCAQTTCACCACCOAOadOI'hTCTrTOTCTCCCA^ 
AAOOACTCCTATOCOOAATTCTCWCATACCAQAAUOCTCC 

ec crCATC Tai<?TOOAAATgATCTACTTCAflqAAAQCA A i' m ' a *r rt »g»T'Tfl^gg'f>^'A 

AAAfcrPATCTAATTTCCAOATOCTTTTCTAOAWACfaAAOtATTrOTaAaeCAeAtATP 

COOAOTTCTAGATTTGAaTaAATgOCACaAAAOTaeCAt^TeCATTaAflATOATTAJurro 

AACCAAACraOrrCTCOOWTTCTACACACAACaaoacUJlTeAfiASS^ 

CATWSaACTWAAaACCAAAGACTWOAAAWCCCACC^^ 

CACTO«rraTCTTTCTATT0A0tTAeAAAWAWTT«Al5SjST^^ 

AAATTTAAA^AAA A AAAAAAAAH 4 ^AA AAA 
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Ftl?. , or Ihe hum;m IIM tDNA. (A) NuckoliJ.. und prvdi.lcd amino acid K^uCrt.« «f Iiuni;m irT. Amino ttvldy M,itiou» wcr^ 

mtron .n Ihc onpi.ul I-^f done I II:KA2«9 Primer, used in 5' RACE PcT iodlciiicd by atwlrTh. s'p^^^^^^^^ 5' RA^^ 

(B) SeMu.n.. nf ih« itn^pHccM ifltpon in IIMA7J9, Tho spto >iici ara Hhown in hold. The n.uri.lr, dondio ihc Ihrcu (.vfr^L .^V^o^^^^^^^^ 
cntodcil uniMU) acitl scquimct. lluDn Jciiolu the 3' bonier of the upiiro;)m won. 
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■ mr iiro^vih et>nipnfed wiih MT-S + pFLfil. 




I tfi. I ftcvvTKvd;ph;»:tc lUM.C ^.h^Jm^tlna^lms t^fycasl IRNA modinwl nucleotides, Ca 4 ODi,., uniis of tRNA wcw ftfiwmaiiwllv diiursWd in 
niiv v.. ;ind nijcc(ed/rhc lop mice is 4ho^vn wUh ii ( niin dcliiy Tor clurliy. Only i|K jwi-u of (he chrom.naKrmiw tonuuulnB ihv in«rc hydptM»liubic 

Irui J^^s ir uI?'T ^^'^ P flamid pFL6t wiihuui »i«cn. Tbp ini«: iRNA nudc<..id^.s rmm MT-U ^ran.fonii^d wiih pla^ij 

PJ L(H with »K- hmn;m j^ew insBilcd. Arrows indicate Ihc rtltfuUon tliiw of i*A for ihtf iwo iracwi. 

i'^A rrig. 2, ttrrow, bouom truce), whercjis the presence 
of iIk cDNA-bcaring construct pFL"hM0D5 resuIiLHl 
in (he uppeiiranco of a peak ai ihis position (Fig. 2, top 
trace). Using UV and MS, the xdcmxiy of Ihc peak as 
i^'A Wiis verified (Tahlc 2). The amount cstimoitfd from 
the UV piiiik wus I4f» pmol. and (Vom the MS analysis 
1^.^ pmoL showing that (he UV peak is pure i»A. 

The functionul complcmcntuiion wfts not complete, 
since cajiavaninc resistance was not suppressed 
(Table I J, This couIU be explained if only a fraction of 
the SI/P7 tRNA molecules was modified wiOi i*A in 
ihc ininsfonned eclls, resulting in only partial fiupprcs- 
sirtn of die nonsense mutation in the argininc permease 
gene, til accitrdtinL-k\ ilic level of l^A waa only about 
oftc^uaw \xy thc 1 1 57 sirttin (Uutw noi showh). 



IdcrtlillcaUon ofi^A from ycisl iRNA by MS und UV *|Wtiii\*melry. 
Fragmainuifon rc«uilv'd tn four ions <if RtgniflLuni sjiec. wt)f»c rt-'liiiivi: 
inwft*Uiw arc tiifcd m$ pcr«ul of Ihc ht^mi tuiK Thi? Iraurticni hbS 
the iH/c «Apwiifd rmm 1*A lew the fibusc moiciv- TIic *t^,„ *q.i ncqulwd 
dlrccUy In ihj J I PLC cfHuenl, where Ihc pit wus 6.0 
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A subnomiiil level of fsoncnicnylatlon could be the 
raulf or tow cjtprcsjilon of tlio human gene, or that ihc 
protein lias reduced aciivhy In the ycasl environment. 
The subsir;uc spccificiiy c uld be somcwhar deviunt 
from ih'M ofMODS, since native subslmlc tRNAs might 
have itJiosyncnUic determinants for 1*A modification. 
There i<« hIso u possibility of subcellular mislocalization 
of the human prolcin, for instance due lo differences in 
lociiliz;iiion signals (.sec below). Nevenholew. from (he 
tRNA dnl:t it i'k clei^r xWm the cDNA encodes nn IPT. 

J.3, Stt/tmt'C tintily.^is afrlw human IPT 

Fig. 3 Khows the strong homology of the human IPT 
amino acid scqircncc with ihoac of tlic IPT proteins of 
5. i irnnisuiv und /T. voiL TIio conservation between the 
eukiiryoiic proteins \\ somewhat higher, 53% of overall 
similarity, than between cither one of dsese and tho 
bactcriiil protein, about 47% fur each. 

Ail well-conserved motifs prcscnl in tRNA isopemen- 
ylirsiiisreriiscs can be found in ihc deduced human 
protein sequence (motift ] to IV, Fig. 3). The beat 
Studied ofthesc l.s im ATP/OTP mcHifA (P-ioop, Sarastc 
ct al„ 1990), located ncor the amino termini of Uic 
proteins (motif J, Fig. 3 1. ATP or OTP is not known to 
be required far ihc enzyme nciivity (Kline et aK, 1969; 
Bartz ct 1970; Rosenbnum and Gcftcr. I972)* but 
the loli MinA has been found to bind several nucleo- 
side di- :ind tri-phojiphales, including ATP, strongly 
(Leung ct u!., mi). Interestingly, this binding was 
strongly competitive with dimethylullyl pyrophosphuic 
RUbsiriMe binding, .suggesting that the interaction might 
be a mcclunifim of regulation of the activity of this 
cn;:yme in vivo (Leung et nl.. 1997). The MiaA protein 
wjis found 10 be surprisingly abundant for a iRNA 
modifVing enzyme, pcrhap* lo comueract the strong 
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inhibition by nucleotides (Uung ct al, mi). The high 
degree of amino add conscmttion In the human proidh 
sequence indicatoe that the nucleotide dimeihylanyi 
pyrophosphate inicniccion may have been preserved 
throughout evolution. The many duplicates found in the 
dbZST data bank also indicate that human JPT could 
bo a fairly abundant protein, 

Both human and yeast IPTs encode nn additional 
-lOO-amino-ocId C-terminal extension compared wJih 
the bacierifll protein (Fig. 3). The 5. tvrevfjUn* MODS 
protein has a classical bipartite nuclear localisation 
signal (NLS) between amino acids 408 and 424, respon- 
sible for a nuclear pool of MODS protein (Tclerico 
ct al, 1999). No homologous sequence at the corrv- 
sponding position of the human was found, 
but at least one good match to the bipartite NLS 
( KKGIEALKQVTKRYARK) was found at amino acids 
308-32S, partly overlapping a putaiiv-c dimelhybillyl 
pyrophosphate binding site (motif III, Fig. 3). Several 
clusters of basic residues reminiscent of known NLS 
were also found at positions 179 185 (PJIDKRKV) 
and 424 427/425-42S (KKRR/KRRRj, It ihu^ pos- 
sible that also the human IPT has a nuclear pool, 

A search for other motifj; disclosed a Zn-finger-likc 
motif (amino acids 397-422. Fig. 3), A comparison with " 
S. wreyisiac MODS showed the motif at ihc same 
relative position (amino acids 373!>'406. Fig. 3). Fig. 4 
shows an alignment of those motifR whh Zn-fmgcrs of 
several proteins. For both IPT proteins, the motif con- 
forms to the C2H2 class of Zn-fmger first identified in 
the Xcnoptts tran.scriplion factor TFIIlA (Miller et al., 
1985). but follows a distinct pattern C-x2- C x( 12,18) 
K x5"H. The closest match is found In the murine 
RNA^binding protein ZFR (Fig. 4), The Zn-nngcr-likc 
motif was also found in three puiaijve IPT genes turned 
up by BLAST searches of the genomic sequences of 5. 
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pomhv ami C c/csams { Fig. 4). and ArabidopxLx (huHana 
fnot shown). Tlic moiif thus appears to bo a highly 
conscrvLHi fcanifc of cukarymic IPTr. 

The Zn-/inficr-Iikc motift from the four cukaryotic 
homologies (Fit*. 4) reveal u high degree of conservation 
of ccriaiii residues, most notably glycine and tryptophan 
(ill S. pumhc ihls iryptophtm residue is substituted 
conscrviuivcly by piicnylulanlnc). The spucing of ihc 
pLiiaiivo ziiK-bincIins Ilgands is (2 amino adds in both 
Ihc human anil ihc C\ ehgans homologucs. and 18 
amino ucidK in ihc two ycaist countcrpftris. Within the 
12 residues »(rcUh between Ihc cysteines and hiah^dines, 
?:n*li«gcrs gcnendly pojiscss a conserved aromatic resi- 
due at rlic fourth position (+4) and a hydrophobic 
residue at the tenth position ( + 10 ). The Zn-finficrs from 
all four MODS homologucs in Fig. 4 show a reversal of 
the pusilions oflijcsc residues with hydrophobic amino 
acids a( +4 <+ 10 in the yeast proteins) and aromatic 
at -f Irt ( + 16 in the yeast protcine). 

The )IT 2n-fingcr niolif is present in a Bingle copy, 
iin unnsuHl but not unique feature. Similar domains 
hnvc hccn fcuind in pmtjins from both prokaryotca and 
cuKaryoics and they may be important for pTotcin- 
RNA interactions ( Klug and Rhodes, [9B7). However, 
tt \i also conceivable that the Zn-fingcr motifs of the 
cukarycilic IPTs arc not involved in RNA interactions, 
like binding of ilw tRNA Bubsiratc, but instead might 
funciion U9 u nuclear rclcniion signal (LaCasse and 
Lofcbvrc. 1995) or to stabilize enzyme conformation 
(Kccti»I„ I988;FourmyoiaI., 1993; ChongetaL, 1995). 

MOn5 oTS. (wvisiac codcfl for two isoforms of the 
protein. One form has an 1 1 amino adds extension with 
;» mitochondrial targeting signal The second form is 
trHnsIateO starling lYom u second ATG on the 3' side of 
the signal-containing stretch (Bogutn ct aL, I994)» The 
huitiun oDNA contiuncd a single ATG at position 15 
(Fig. I), Ncvcrlhdcss. the N-tcrminal showed a com. 
pica* ahscncc of acidic, and an enrichment of hydro- 
phobic, Hmino acids, characteristic of raitochondriol 
targeting signals. Although a classic amphiphilic a-hclix 
(von lloijne, 1986) cannoi be predicted for the first 18 
rvjiiduos, n segment widi a very high hydrophobic 
moment was found between amino acids 10 and 21 
(Hg. 3). indicating a po,ssiblc miiuchondrial targeting 
Rfrocture, 
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